METHOD FOR ASSESSING THE RISK OF CARDIOVASCULAR DISEASE 



FIELD OF THE INVENTION 

The present invention is generally directed to a method for assessing the risk of car- 
diovascular disease (CVD), such as coronary heart disease (CHD), including myocar- 
dial infarction, and cerebrovascular disease in an individual, such as a human. Specifi- 
cally the invention is directed to a method of identifying a condition in an individual in 
which condition an elevated serum or plasma high-density lipoprotein (HDL) concen- 
tration or HDL cholesterol concentration provides enhanced protection against cardio- 
vascular disease. In addition, the invention provides a method of predictably treating 
an individual in order to enhance the plasma or serum HDL or HDL cholesterol of the 
said individual. Furthermore the invention provides a kit for carrying out the methods. 

BACKGROUND OF THE INVENTION 

A large number of prospective population studies have shown that elevation of high- 
density lipoproteins (HDL) is associated with a reduced incidence of coronary events, 
coronary mortality and atherosclerotic progression.^'^ The etiologic role of HDL in 
atherosclerosis and CHD has not, however, been confirmed in randomized clinical trials. 
The reasons why HDL elevating therapies do not consistently reduce cardiovascular risk 
are unknown. 

There is a paradigm according to which any elevation of HDL is beneficial to health. 
This is, however, challenged by three lines of observations, which have been left unex- 
plained. First, in populations with heavy alcohol intake, a high plasma HDL cholesterol 
concentration does not associate with reduced coronary and total mortality.^ Second, in 
alcoholics, a high HDL is not associated with effective reverse cholesterol transport." 
Third, recent reports suggest that a combination of a fibrate and cerivastatin, a HMG- 
CoA reductase inhibitor (Astatin@) might induce deaths, even though this combination 



raises HDL levels. Common to both observations is that HDL elevation is caused by 
general liver induction or liver damage. Statins tend to elevate hepatic transaminases in 
plasma.^ Also alcohol elevates both HDL and liver transaminase levels. A wide variety 
of chemicals can produce liver enlargement, peroxisome proliferation, and induction of 
peroxisomal and microsomal fatty acid-oxidizing enzyme activities. 

An undamaged liver has phase I and phase n detoxification systems. The phase I con- 
sists of the cytochrome P450 enzymes (CYP). Mutations in the genes that encode these 
enzymes reduce the efficacy of the CYP system and lead to the predisposition to liver 
damage. Also, gene mutations in the phase 11 detoxification enzymes lead to an en- 
hanced sensitivity to liver damage. The phase II enzymes are defined here to include 
liver enzymes such as the catalase, paraoxonases, superoxide dismutases, glutathione 
peroxidases, glutahione synthases, glutathione reductases, glutathione transferases, glu- 
tamyl-cysteinyl synthase, quinone reductases, diaphorases, thioredoxins, glutaredoxins, 
peroxiredoxins, epoxide hydrolases, aldehyde hydrolases, aldo-keto reductases, proper- 
dins, selenoproteins P and W, N-acetyl-transferases, metallothioneins, sulfiirtrans- 
ferases, alcohol dehydrogenases, aldehyde dehydrogenases, glutamate dehydrogenases, 
dihydrodiol dehydrogenases, or carboxyl esterases. DN A mutations in any of the genes 
encoding these proteins can cause liver damage and impair the protective function of 
HDL. 

Variation in the response to HDL elevating drugs may be due to genetic variations that 
may provide a molecular basis for differences in drug metabolizing enzymes such as 
CYPl, CYP2 , and CYP3 subtypes. 

Oxidative stress and free radicals have been implicated in the etiology of a number of 
diseases, including cancers, coronary heart diseases and type n diabetes. The human 
body has a number of endogenous free radicals scavenging systems, which have genetic 
variability. The serum paraoxonase (PON) is an enzyme carried in the HDL that con- 
tributes to the detoxification of organophosphorus compounds but also of carcinogenic 
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products of lipid peroxidation.^'^'* POiNT/ is polymorphic in human populations and dif- 
ferent individuals also express widely different levels of this enzyme.^'^^'^^ 

SUMMARY OF THE INVENTION 

5 

The object of the present invention is a method of identifying a condition in an individ- 
ual in which an elevated serum or plasma HDL concentration or HDL cholesterol con- 
centration provides enhanced protection against cardiovascular disease, the melhod 
comprising the step of testing the individual for a disorder that detrimentally affects the 
1 0 HDL function, i.e. the protective effect of HDL, whereby absence of such a disorder is 
an indication of enhanced protection against cardiovascular disease when said individual 
exhibits elevated serum or plasma HDL or HDL cholesterol concentration. 

Furthermore, the invention is directed to a method of treatment of an individual to pro- 
15 tect the individual against the risk of cardiovascular disease, the method comprising the 
steps of testing the said individual for a disorder which detrimentally affects the protec- 
tive effect of HDL, identifying and selecting an individual free of said disorder, and 
treating the selected individual in order to enhance the HDL or HDL cholesterol level of 
said individual. 

20 

According to a further aspect the present invention provides a method for assessing the 
risk of cardiovascular disease in an individual, the method comprising the step of deter- 
mining the serum or plasma HDL or HDL cholesterol concentration in said individual, 
and testing the individual for a disorder that detrimentally affects the HDL function, 
25 whereby identification of such a disorder is an indication of reduced protection against, 
i.e. an increased risk of cardiovascular disease when said individual exhibits elevated 
serum or plasma HDL or HDL cholesterol concentration. 

In addition the invention is directed to a kit for use in the above methods, comprising 
3 0 means for testing the individual for a condition or disorder which affects the protective 
effect of HDL. 
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As is understood by the person skilled in the 3.rt, the HDL level in an individu2.1 C3.n be 
assessed by determining the HDL concentration or a fraction thereof, e.g. the HDL cho- 
lesterol concentration of said individual. 



5 DETAILED DESCRIPTION OF THE INVENTION 



According to the invention, a condition or disorder which affects the protective effect or 
function of HDL, is, for example, liver damage or a condition involving oxidative stress. 
Both liver damage and oxidative stress have a detrimental effect on the protective effect 
10 or function of HDL against cardiovascular disease, such as coronary heart disease, in- 
cluding myocardic infarction, and cerebrovascular disease. 



The protective action of HDL depends on the ability of the liver to maintain the antioxi- 
dative capacity of HDL and the efficacy of HDL in the reverse transport of cholesterol 
1 5 from the arteries to the liver. An elevation of y-glutamyltransferase (GGT) indicates that 
these functions of HDL are compromised. 



A condition of liver damage in an individual can be established in many ways, a conven- 
ient method involving determination of the serum or plasma activity or concentration of 

20 an enzyme marker comprising y-glutamyltransferase. In a condition involving liver 

damage, the concentration of y-glutamyltransferase is elevated over the normal or refer- 
ence values. This reference value or range can vary to some degree according to the spe- 
cific methods used for determining the marker, but typically the reference value will be 
in the range of 20 to 100 units/L. For many purposes, a suitable value is 60 units/L. y- 

25 glutamyltranspeptidase (EC 2.3.2.2 ) acts as a glutathionase and catalyzes the transfer of 
the glutamyl moiety of glutathione to a variety of amino acids and dipeptide acceptors. 
This enzyme is located on the outer surface of the cell membrane. It is widely distrib- 
uted in mammalian tissues involved in absorption and secretioa In humans, hepatic 
GGT activity is elevated in some liver diseases. GGT is released into the bloodstream 

30 after liver damage. 
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Patients with cholestasis usually have increased serum y-glutamy transferase concentra- 
tions, and the concentrations may be increased by certain en2yme-inducing drugs or al- 
cohol abuse. Measurements of serum y-glutamy transferase aid in interpreting elevated 
serum alkaline phosphatase values, y-glutamyltransferase activity in serum is the sum of 
5 the activities of heterogeneous isoenzymes that migrate in zone electrophoresis as fol- 
lows: GGTl to the prealbumin-albumin region, GGT2 to the alpha- 1 -globulin region, 
GGT3 to the alpha-2-globulin region, and GGT4 to the beta-globulin region. 



Instead of, or in addition to, measuring the y-glutamyltransferase activity or concentra- 
1 0 tion, it is possible to use genotyping of genomic DNA from a sample of said individual, 
and to identify mutations or polymorphisms in the DNA which influence liver damage 
or plasma or serum y-glutamyltransferase activity or concentration. There are several y- 
glutamyltransferase genes located on chromosome 22 and at least two of these appear to 
be transcribed. A third alternative is to measure the expression at the RNA level of the y- 
1 5 glutamyltransferase. 

The sample from which DNA can be extracted can be for example a blood sample. 
Grenotyping can be carried out by using per se known techniques, for example PCR 
techniques involving the use of suitable primers and amplification systems. The geno- 

20 typing method can be amplified restriction fragment lengtii polymorphism (ARFLP) that 
utilizes PCR and restriction enzyme cleavage-site recognition. Additional methods such 
as DNA amplification by PCR followed by minisequencing and or sequence-specific 
oligonucleotide probe (SSOP) analysis can also be used. Also, genotyping can be per- 
formed by using DNA microarrays or DNA chips that provide information in the same 

25 assay of a number of DNA polymorphisms that affect the liver function. It is foreseen 
that a large number of DNA polymorphisms such as single nucleotide polymorphisms 
(SNP) are determined by the use of a single DNA chip. Also the expression of the genes 
encoding the y-glutamyltransferase and the phase I and 11 detoxification enzymes can be 
assayed by microarray. 
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Oxidative stress is another condition which has a detrimental effect on the protective 
effect of HDL. A suitable marker for oxidative stress is the paraoxonase enzyme. The 
activity or concentration of paraoxonase can be determined in a serum sample from the 
individual, using per se known techniques, for example based on the capacity of 
5 paraoxonase to hydrolyse paraoxon, and by monitoring p-nitrophenol formation, for 
example using absorbance techniques. A reduced paraoxonase activity is an indication 
of oxidative stress, including increased lipid peroxidation. Consequently a low 
paraoxonase activity is an indication that the protective effect of HDL is impaired in the 
individual. A reference value within a reference range of 40 to 200 nmol/ml/min is usu- 
10 ally applicable, a typical normal value for paraoxonase activity being appr. 100 
; . nmol/ml/min. 

Instead of, or in addition to, measuring the paraoxonase activity or concentration, it is 
possible to apply genotyping of DNA from a sample of said individual, and identifica- 
Cl 1 5 tion of mutations or polymorphisms which influence plasma or serum paraoxonase ac- 

tivity or concentration. Two polymorphisms are currently known in human PONl. The 
Ql 91R polymorphism was the first mutation of PONl reported.^'^^ The second one is 
the missense mutation of A to T in codon 54, producing a substitution of methionine 
% (M) to leucine (L) (Met54Leu^; known also as Met55Leu^). Both these polymorphisms 

¥' 20 have been shown to affect serum PON activity,^^'^^ and in particular, the L54 allele has 

been associated with an increased PON activity. A further alternative is to measure the 
expression of the genes encoding the PON enzyme. 

According to the US patent 6,242,186, homozygosity of the L54 allele in the PONl 
25 gene protects against certain diseases associated with oxidative stress. The L allele has 
consistently been associated with an increased paraoxonase activity in human serum.^'^^ 
It was observed that there was less lipid peroxidation among men who carried the PONl 
54 L allele. In such individuals, an enhanced HDL or HDL cholesterol concentration 
would therefore have a protective effect against cardiovascular disease. In the opposite, 
30 individuals who do not carry this mutation would not benefit from the protective effect 
of HDL against cardiovascular disease. 



For genotyping purposes, DNA can be extracted for example from a blood sample. 
Genotyping can be carried out by using per se known techniques, for example PCR 
techniques involving the use of suitable primers and amplification systems. Such a sys- 
tem is described for example in the US 6,242,186. 

The antioxidative capacity of HDL can be assessed by isolating HDL from plasma or 
serum e.g. by ultracentrifiigation or precipitation and exposing the isolated HDL to oxi- 
dizing conditions e.g. by adding to the reaction oxidative agents such as oxygen free 
radicals such as peroxyl radical, superoxide radical, hydroxyl radical or hydroperoxyl 
radical. The radicals can be generated chemically utilizing the Fenton-Haberman- Weiss 
reaction for instance by adding reduced transition metal such as copper or iron, by using 
a radical generating substance such as ABAP (2,2'-azobis(amidinopropane) dihydro- 
chloride) or AMVN (2,2'-azobis(2,4)-dimethylvaleronitrile) or by ionizing or other ra- 
diation, UV light, heating or by other means. The resistance of the target HDL (HDL 
isolated from an individual being examined) can be determined as the time lag to oxida- 
tion of HDL when exposed to said radicals. The oxidation of HDL can be determined by 
monitoring the formation of conjugated dienes at 234 nm absorbance by a spectropho- 
tometer or by measuring periodically the concentration of an indicator compound of 
oxidation. Such a compound can be an oxidized phospholipid such as lysophospatidyl- 
choline (lysolesitine), an oxidized fetty acid such as hydroxy or epoxy fatty acid, or a 
cholesterol oxidation product such as hydroxy cholesterol or epoxy cholesterol or keto- 
cholesterol. The start of oxidation of HDL or the maximum rate of oxidation can be de- 
termined. The reference values are different for different methods. As an example, if 
oxidation of HDL is monitored spectrophotometrically following the formation of con- 
jugated dienes at 234 nm, and copper ions are used to induce oxidation at a concentra- 
tion of 10-100 micromoles per liter, a lag time of less than 30-200 min is an indication 
of reduced antioxidative capacity of HDL. 

Lipid peroxidation in vivo can be assessed by measuring either immunologic response to 
immunogenic epitopes of oxidized lipoproteins, such as antibodies to oxidized low den- 
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sity lipoprotein.^^ Lipid peroxidation in vivo can also be assessed by measuring oxida- 
tion products of lipids or lipoproteins such as oxidized phospholipids, oxidized fetty ac- 
ids, or cholesterol oxidation products. Oxidized fatty acids such as hydroxy and epoxy 
fatty acids can be measured by gas chromatography mass spectrometry or immu- 
nolochemical methods. Oxidation products of arachidonic acid such as isoprostanes can 
be used as indicators of lipid peroxidation in vivo. Lipid peroxidation can also me as- 
sessed by determining the proportion of electronegative LDL of total LDL by chroma- 
tographic or electrophoretic methods. Further, lipid peroxidation can be assessed by 
measuring plasma or serum concentration of conjugated dienes, an oxidation product of 
dienes. The reference values depend on the method used. As an example, plasma F2- 
isoprostane levels of 20-60 ng/L or more, total plasma hydroxy fatty acids of 1-5 
Hmol/L or more and plasma electronegative LDL of 3-10% or more of total LDL indi- 
cate increased lipid peroxidation in vivo. 

The present invention also makes it possible to treat an individual in order to protect 
said individual against the risk of cardiovascular disease, by identifying w^hether said 
individual is responsive to the beneficial effects of a high HDL concentration. Such a 
metfiod comprises a step of determining whether said individual has a condition which 
detrimentally affects the effect of high HDL. If said individual is free of such a condi- 
tion, such individual can be treated in order to enhance his HDL level. 

Such a treatment can be a drug treatment A suitable drug can be a drug selected from 
the group consisting of niacin, a statin, an apolipoprotein AI or All synthesis enhancing 
agent, a PPAR alpha agonist such as fibrate, a PPAR gamma or delta agonist, a sterol 
absorption inhibiting agent such as a resin, a CETP inhibitor, an AC AT inhibitor, a 
PLTP agonist, a LCAT agonist, a lipoprotein lipase (LPL) agonist, a hepatic lipase ago- 
nist, a scavenger receptor Bl (SRBl) agonist, or an ATP-binding cassette Al (ABCl) 
agonist. A statin can be for example selected from the group consisting of atorvastatin, 
fluvastatin, lovastatin, pravastatin and simvastatin, a fibrate can be selected from the 
group consisting of bezafibrate, ciprofibrate, clofibrate, fenofibrate and gemfibrozil, and 
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a resin can be selected from the group consisting of colestipol and cholestyramin. It is, 
however, also possible to enhance HDL through physical activity or physical exercise. 

The invention also provides for kits suitable for carrying out the methods according to 
5 the invention. Such a kit carries the necessary means for identifying a condition which 
affects the protective effect of HDL, such as for example the means necessary to 
determine enzyme, for example y-glutamyltransferase or paraoxonase activity in a 
sample, such as a serum sample from the individual, or means for performing necessary 
genolyping of a DNA sample from said individual. In addition the kit can contain means 

10 for measuring HDL or HDL cholesterol in a sample, such as a serum or plasma sample 
from the said individual. Such kits preferably contain the various components needed 
for carrying out the method packaged in separate containers and/or vials and including 
instructions for carrying out the method. Thus, for example, some or all of the various 
reagents and other ingredients needed for carrying out the determination, such as 

15 buffers, primers, enzymes, control samples or standards etc can be packaged separately 
but provided for use in the same box. Instructions for carrying out the method can be 
included inside the box, as a separate insert, or as a label on the box and/or on the 
separate vials. 

20 Experimental 

In the following tests, the protective effect of HDL elevation in patients with liver dam- 
age was studied. 

25 For assessing the protective effect, a prospective cohort study, the "Kuopio Ischaemic 
Heart Disease Risk Factor Study" (KIHD).^'^ was used. The study protocol for KIHD 
was approved by the Research Ethics Committee of the University of Kuopio, Finland. 
The study sample comprised men from Eastern Finland aged 42, 48, 54 or 60 years. A 
total of 2682 men were examined during 1984-89. All participants gave a written in- 

30 formed consent. Relevant baseline measurements were available for 2464 men. The av- 
erage follow-up time was 11. 4 years resulting to over 28,000 person-years of follow-up. 
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y-glutamyltransferase activity was determined according to the Nordic recommenda- 
tion/' The measurement of cholesterol concentration in serum lipoproteins and other 
risk factors, and the classification of acute coronary events and deaths have been de- 
scribed/'^ 

5 

Among men whose liver enzyme (y-glutamyltransf erase) was within the normal range 
(60 lU/L or less), elevation of HDL was associated with decreased risk of acute coro- 
nary event (Table). On the average, the risk was reduced by 44% (95% confidence in- 
terval 14-68%) per each mmol/L of serum HDL cholesterol. However, in men whose 

10 liver enzyme was elevated, the risk increased 3.3-fold (95% CI 1 .2 to 9.3 -fold) per each 
mmol/L of HDL cholesterol. These relative risks differed significantly of each other 
(p<0.01). The addition of any measured risk factor as a covariate singly or jointly did 
not affect this difference. Similarly, the relative risks for coronary, all cardiovascular 
and all-cause death were significantly different between men who had no liver enzyme 

1 5 elevation and those who did (Table). There was a similar trend for cerebrovascular 
strokes. 

As an indicator of lipid peroxidation, serum ferritin concentration was used. The study 
population was divided into those with normal serum ferritin (200 micrograms per liter 

20 or less) and those with elevated serum ferritin (>200 \i§/L). A high serum HDL concen- 
tration was associated with a reduced cardiovascular mortality only in the subjects 
whose serum ferritin was normal (relative risk 0.60, 95% CI 0.33 to 1.09, p=0.095), 
whereas a high HDL tended to be associated with an increased risk (relative risk 1.02, 
95% CI 0.37 to 2.77, p=0.976) among those with elevated serum ferritin. There were 

25 similar trends for the incidence of acute coronary events, cerebrovascular strokes and 
coronary deaths. 

When the study cohort was stratified according to the PONl codon 192 genotype, a high 
serum HDL cholesterol concentration was associated with a reduced risk of myocardial 
30 infarction only among the wild type (arginine) homozygotes (relative risk 0.04, 96% CI 
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0.01 to 0.19, p<0.001), whereas the associations of HDL cholesterol with myocardial 
infarction risk in subjects with the other genotypes were weak. There were similar trends 
in cerebrovascular strokes and cardiovascular and coronary deaths. 

Our population-based data indicate that high serum HDL levels lose their protection 
against CHD among men who have liver damage, enhanced lipid peroxidation, a geno- 
type that predisposes to liver damage or to enhanced lipid peroxidation. This effect 
modification was observed also for cardiovascular and total mortality, although high 
HDL was not protective of cerebrovascular strokes and cardiovascular and total mortal- 
ity in our study. Our observations imply that an elevation of HDL is not always benefi- 
cial for human health. The liver damage and enhanced lipid peroxidation may be caused 
by heavy alcohol intake, drugs and hepatotoxic nutrients or contaminants in food. 
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